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Sir: 

This is an appeal from the final rejection of claims 6-9 and 11-19, which claims 
were finally rejected in the Office Action dated January 10, 2003. A Notice of Appeal 
was filed on July 9, 2003. 



I- REAL PARTY IN INTEREST 

This application is assigned to Oki Electric Industry Co., Ltd., which is the real 
party in interest. 
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II. RELATED APPEALS AND INTERFERENCES 

There are no other appeals or interferences that will directly affect or be affected 
by or have a bearing on the Board's decision in this pending appeal. 

III. STATUS OF THE CLAIMS 

Claims 6-9 and 11-19 are present in this application, and the rejections thereof 
are hereby appealed. 

IV. STATUS OF AMENDMENTS 

Subsequent to the Final Office Action dated January 10, 2003, Appellant 
submitted an Amendment under 37 C.F.R. 1.116 on May 12, 2003, canceling proposed 
Fig. 1(i); amending the paragraph beginning on page 13, line 12 of the specification; 
and amending claims 6, 11 and 16. 

In the Advisory Action dated June 3, 2003, the Examiner indicated that the 
Amendment filed on May 12, 2003, had been entered. Thus, the appended copy of the 
claims involved in this Appeal, claims 6-9 and 11-19, reflect the amendments made and 
entered via the Amendment under 37 C.F.R. 1.116 filed on May 12, 2003. 

V. SUMMARY OF THE INVENTION 

As illustrated in Fig. 1 (a), the semiconductor device of an embodiment of the 
present application includes a silicon oxide layer 32 of 15-20 nm thickness on silicon 
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substrate 31, and a silicon nitride layer 33 of 400-600 nm thickness as an oxidation 

resisting layer on silicon oxide layer 32 (page 10, lines 13-18). After an aperture is 

formed in silicon nitride layer 33 and silicon oxide layer 32 as illustrated in Fig. 1(b), 

ions are implanted into silicon substrate 31 through the aperture to prevent formation of 

a parasitic transistor (page 10, line 22 through to page 1 1 , line 4). Thereafter, the 

silicon substrate 31 is wet-oxidized to form field oxide 34 having thickness of about 

1 jum in the aperture, as illustrated in Fig. 1(c) (page 11, lines 5-8). 

As illustrated in Fig. 1(d), a polysilicon layer 11 having a thickness of about 1 ptm 

is deposited as a protection layer on field oxide 34 within the aperture and on silicon 

nitride layer 33 (page 1 1 , lines 11-12). Polysilicon layer 1 1 is then polished such as by 

chemical mechanical polishing (CMP), until the surface of silicon nitride layer 33 is 

exposed and so that polysilicon layer 12 remains in the aperture, as illustrated in Fig. 

1(e) (page 1 1 , lines 14-17). The exposed silicon nitride layer 33 is then removed by wet 

chemical etching, so that polysilicon layer 12 remains as a protective layer formed on 

only field oxide 34, as illustrated in Fig. 1(f) (page 12, line 21 through to page 13, line 

3). 

Thereafter, photolithography and etching are carried out to form gate oxide layer 
35a, polysilicon layer 35b for gate electrodes, and tungsten silicide 35c, to form gates 
35, as illustrated in Fig. 1(g) (page 13, lines 3-8). Oxide layer 36 for subsequent 
formation of side-walls, is then deposited over the entire surface of the structure 
including gates 35, silicon substrate 31, field oxide 34 and polysilicon layer 12, as also 
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illustrated in Fig. 1(g) (page 13, lines 9-11). 

Thereafter, oxide layer 36 is etched by reactive ion etching to form side-walls 37 
on gates 35, as illustrated in Fig. 1(h) (page 13, lines 12-14). However, since non- 
uniformities in etching speed and of oxide layer 36 thickness exist, overetching is 
carried out to completely remove oxide layer 36 from the top of gates 35 and from 
silicon substrate 31 . Polysilicon layer 12 prevents etching of field oxide 34 during this 
overetching of oxide layer 36, preventing decreases of field isolation voltage caused by 
thinning of field oxide 34 (page 14, lines 1-7). The MOSFETs are then completed by 
forming an insulating layer on the structure, forming contact holes in the insulating 
layer, and depositing aluminum wiring (not shown) (page 13, lines 14-17). 

VI. ISSUES 

Claims 6-9 and 11-19 stand rejected under 35 U.S.C. 102(b) as being clearly 
anticipated by the Yoo et al. reference (U.S. Patent No. 5,605,853). 

Accordingly, one issue presented is whether or not the semiconductor devices of 
claims 6-9 and 11-19 are anticipated by the teaching of the Yoo et al. reference. 

Appellant emphasizes that the objection to the drawings under 37 C.F.R. 1 .83(a) 
and the objection to the Amendment filed on October 31 , 2002, under 35 U.S.C. 1 32, 
as stated on page 2 of the Final Office Action dated January 10, 2003, have been 
withdrawn as acknowledged in the Advisory Action dated June 3, 2003. Accordingly, 
the objection to the drawings under 37 C.F.R. 1 .83(a) and the objection to the 
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Amendment under 35 U.S.C. 132 are not issues of consideration. 

VII. GROUPING OF CLAIMS 

Appellant respectfully wish to group all of claims 6-9 and 1 1-19 together. 

VIII. ARGUMENTS 

A Rejection of Claims 6-9 and 11-19 under 35 U.S.C. 102(b) as Being Clearly 
Anticipated by the Yoo et al. Reference 

The semiconductor device of claim 6 includes in combination a field oxide 
"formed on the substrate between said first and second gates" and a protective layer 
"formed selectively on said field oxide to prevent overetching of said field oxide, said 
protective layer being a material different than said field oxide". 

On page 3 of the Final Office Action dated January 10, 2003, the Examiner has 
alleged that floating gate 21 as illustrated in Fig. 2 of the Yoo et al. reference may be 
interpreted as the protective layer of claim 6. However, Appellant respectfully submits 
that floating gate 21 in Figs. 2-7 of the Yoo et al. reference cannot be interpreted as the 
protective layer of claim 6, because floating gate 21 cannot be formed on field oxide 
(FOX) layer 12 (as would be necessary to meet the features of claim 6) and function as 
a working floating gate. 

It should be understood that to function, a simple floating gate in theory must 
necessarily exchange charges with a diffusion layer formed on the surface of a 
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semiconductor substrate. Thus, a floating gate typically must be formed on a relatively 

thin insulating layer, such as a tunnel oxide layer, so that exchange of charges between 

the diffusion layer and the floating gate may occur. Floating gates generally are not 

formed on a FOX layer, because exchange of charges between a floating gate and a 

corresponding semiconductor substrate through a relatively thick FOX layer cannot 

occur. 

In order to emphasize this point, an I.E.E.E. Electron Device Letters publication 
by Haddad et al. entitled "Degradations Due to Hole Trapping In Flash Memory Cells" 
was submitted as of interest along with the Amendment dated May 12, 2003. (Copies 
of the I.E.E.E. El ectron Device Letters publication in triplicate are provided in Appendix 
B-) The I.E.E.E. El ectron Device Letters publication specifically concerns flash memory 
cells. As described in the bottom paragraph in the first column on page 117 of the 
publication, the gate oxide used is less than 120A (12nm) thick and the erasure 
mechanism is dominated by Fowler-Nordheim (F-N) tunneling. Accordingly, it should 
be understood by one of ordinary skill that in order to perform writing and deletion by 
means of F-N tunneling in flash memory cells, it is necessary to use a gate oxide having 
a thickness of approximately 120A. Particularly, if the gate oxide is too thick, it is 
impossible to inject and emit electrons through the gate oxide into the floating gate by 
means of F-N tunneling. 

To further emphasize this point, the Mizutani patent (U.S. Patent No. 4,637,128) 
was also submitted as of interest along with the Amendment dated May 12, 2003. 
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(Copies of the Mitzutani patent in triplicate are also provided in Appendix B.) As 

described beginning in column 4, line 57 of the Mitzutani patent, after the ion 

implantation step, a field insulation layer 60 having a thickness of 6000A (600nm) is 

formed, as shown in Fig. 4D. In contrast, as described in column 5, lines 14-18 of the 

Mitzutani patent, a thermal oxide film 66 is formed to be so thin so as to be generally 

removed in the patterning step of the poly-Si layer, but is not removed at the portion 

below the floating gate electrode 68. That is, a relatively thin oxide layer is formed 

under the floating gate, as opposed to the relatively thicker field oxide layer. Thus, it 

should be understood that floating gate electrodes in general are formed on relatively 

thin gate oxides, as opposed to relatively thick field oxide layers. 

To still further emphasize this point, an excerpt from the Wolf text Silicon 

Processing for the VLSI Era. Volume 2: Process Inteoration is newly submitted herewith 

as of interest. (Copies of the excerpt of the Wolf text in triplicate are also provided in 

Appendix B.) As illustrated in Fig. 8-33 on page 624 of the excerpt, the charges are 

transferred from the silicon substrate to the floating polysilicon gate through the 

relatively thin gate oxide. As further described with respect to floating-gate tunneling 

oxide "FLOTOX" transistors with reference to Fig. 8-38 as beginning on page 629 of the 

excerpt, a thin gate oxide of 8-1 2nm is used near the drain of the structure, and the 

remainder of the floating-gate oxide is typically 50nm thick. Programming of the 

FLOTOX transistor is done by causing electrons to be transferred from the substrate to 

the floating gate through the thin oxide layer by means of F-N tunneling. Thus, it should 
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be understood that floating gates in general are formed on relatively thin gate oxides, as 

opposed to relatively thick field oxide layers. 

In the Final Office Action dated January 10, 2003, the Examiner asserted in the 

Response to Argument section on page 7 thereof, that one of ordinary skill should 

conclude "without any reasonably doubt" that layer 21 of the Yoo et al. reference is 

formed on FOX layer 12. However, as evidenced by the I.E.E.E. Electron Device 

Letters publication and the Mltzutani patent subsequently submitted as of interest in the 

Amendment dated May 12, 2003, and the Wolf excerpt as presented herewith, 

functional floating gates are typically formed on relatively thin gate oxides of 

approximately 120A (12nm), not relatively thick field oxides. Contrary to the Examiner's 

assertion, one of ordinary skill should understand that floating gate 21 in Figs. 2-7 of the 

Yoo et al. reference cannot be formed on FOX layer 12 and be a functional floating 

gate. It consequently follows that it cannot be concluded "without any reasonable 

doubt" that layer 21 of the Yoo et al. reference is formed on FOX layer 12, as asserted 

by the Examiner. 

Particularly, the floating gate of the Yoo et al. reference is described in column 3, 
lines 15-17 as formed over a field oxide region, not specifically on a field oxide region. 
More particularly, as further described in column 4, lines 2-4 of the Yoo et al. reference 
"Also formed is floating gate 21 for the floating gate memory cell (for an EEPROM) m 
region 70 " (our emphasis added). Floating gate 21 of the Yoo et al. reference is not 
specifically described as formed on FOX layer 12. 
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In the Advisory Action dated June 3, 2003, in consideration of the arguments 

presented in the Amendment dated May 12, 2003, the Examiner has noted on page 2 

thereof that "since the layer 21 of Yoo merely formed on the Fox layer 12, as shown in 

Fig. 2, it meets the limitation of the claim, e.g. a protective layer formed on said field 

oxide". However, this general assertion by the Examiner regarding floating gate 21 of 

the Yoo et al. reference appears contrary to the above noted teachings of the I.E.E.E. 

Electron Device Letters publication and the Mitzutani patent regarding floating gates 

and gate oxide thickness, and as also contrary to the teaching in the Wolf excerpt. In 

absence of any additionally relied upon teaching or reasoning as offered by the 

Examiner showing that a functional floating gate can be formed on a relatively thick field 

oxide layer, the Examiner has failed to clearly answer the substance of the traversal 

and has failed to clearly develop this issue as now on Appeal. 

Accordingly, Appellant respectfully submits that because floating gate 21 of the 
Yoo et al. reference cannot be formed on FOX layer 12 and function as a working 
floating gate, floating gate 21 of the Yoo et al. reference cannot be interpreted as the 
protective layer of claim 6. Appellant therefore respectfully submits that the 
semiconductor device of claim 6 distinguishes over the Yoo et al. reference as relied 
upon by the Examiner, and that this rejection of claims 6-9 is therefore improper for at 
least these reasons. 

The semiconductor device of claim 1 1 includes in combination a field oxide 
"formed on the substrate adjacent the active region", and a protective layer "formed on 
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said field oxide to prevent overetching of said field oxide, said protective layer being a 

material different than said field oxide.. .said protective layer being formed on said field 
oxide only". The semiconductor device of claim 16 similarly includes in combination a 
field oxide "formed on the substrate adjacent the active region", and a protective layer 
"formed on said field oxide to prevent overetching of said field oxide, said protective 
layer being a material different than said field oxide... said protective layer being formed 
on said field oxide only". 

Appellant respectfully submits that floating gate 21 of the Yoo et al. reference 
cannot be interpreted as the protective layer of respective claims 1 1 and 1 6, for at least 
similar reasons as set forth previously with respect to claim 6. Particularly, since 
floating gate 21 of the Yoo et al. reference cannot be formed on FOX layer 12 and 
function as a working floating gate, floating gate 21 of the Yoo et al. reference cannot 
be interpreted as the protective layer of respective claims 1 1 and 16. Appellant 
therefore respectfully submits that the semiconductor devices of respective claims 1 1 
and 16 distinguish over the Yoo et al. reference as relied upon by the Examiner, and 
that this rejection of claims 1 1-19 is improper for at least these reasons. 

B. Conclusion 

Accordingly, it is respectively submitted that the rejection of claims 6-9 and 11-19 
as being clearly anticipated by the Yoo et al. reference is erroneous and should be 
reversed. 
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Consequently, favorable reconsideration and allowance of all claims by the 
Honorable Board of Patent Appeals and Interferences is respectfully requested. 

In the event that there are any outstanding matters remaining in the present 
application, please contact Andrew J. Telesz, Jr. (Reg. No. 33,581) at (703) 715-0870 
in the Washington, D.C. area, to discuss these matters. 

The required fee of $320.00 under 37 C.F.R. 1 .17(c) for filing this Appeal Brief is 
attached hereto. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and 
future replies, to charge payment for any additional fees that may be required, or credit 
any overpayment, to Deposit Account No. 50-0238. 



12200 Sunrise Valley Drive, Suite 150 

Reston, VA 20191 

Tel. No. (703) 715-0870 

Fax No. (703) 715-0877 

Enclosures: Appendix A 



Respectfully submitted. 



VOLENTINE FRANCOS, P.L.L.C. 




Andrew J. Telesz, Jr. 
Reg. No. 33,581 



Appendix B 
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Claims - Appendix A 

6. A semiconductor device comprising: 

first and second gates formed on active regions of a substrate, said first and 
second gates each consisting of a refractory metal layer on a polysilicon layer; 

a field oxide formed on the substrate between said first and second gates; 

side walls formed on side surfaces of said first and second gates, said side walls 
being a silicon oxide film; 

a protective layer formed selectively on said field oxide to prevent overetching of 
said field oxide, said protective layer being a material different than said field oxide; and 

an insulating layer, a contact hole, and a connecting wire formed above a 
surface of the substrate. 

7. The semiconductor device of claim 6, wherein said protective layer is a polysilicon 
layer. 

8. The semiconductor device of claim 6, wherein said protective layer is formed on said 
field oxide only. 




9. The semiconductor device of claim 6, wherein said first and second gates are 
MOSFET gates. 

1 
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1 1 . A semiconductor device comprising: 

a gate formed on an active region of a substrate; 

a field oxide formed on the substrate adjacent the active region; 

a protective layer formed on said field oxide to prevent overetching of said field 
oxide, said protective layer being a material different than said field oxide; and 

an insulating layer, a contact hole, and a connecting wire formed above a 
surface of the substrate, 

said protective layer being formed on said field oxide only. 

12. The semiconductor device of claim 11, wherein said protective layer is a polysilicon 
layer. 

13. The semiconductor device of claim 1 1 , wherein said gate is a MOSFET gate. 

14. The semiconductor device of claim 1 1 , further comprising side walls formed on said 
surfaces of said gate, said side walls being covered by said insulating layer. 

1 5. The semiconductor device of claim 1 1 , further comprising an additional gate 
formed on the substrate, said field oxide being formed on the substrate between said 
gate and said additional gate. 
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1 6. A semiconductor device comprising: 

a gate formed on an active region of a substrate, said gate consisting of a 
refractory metal layer on a polysilicon layer; 

side walls formed on side surfaces of said gate, said side walls being a silicon 
oxide film; 

a field oxide formed on the substrate adjacent the active region; 

a protective layer formed on said field oxide to prevent overetching of said field 
oxide, said protective layer being a material different than said field oxide; and 

an insulating layer, a contact hole, and a connecting wire formed above a 
surface of the substrate, 

said protective layer being formed on said field oxide only. 

17. The semiconductor device of claim 16, wherein said protective layer is a polysilicon 
layer. 



18. The semiconductor device of claim 16, wherein said gate is a MOSFET gate. 

19. The semiconductor device of claim 16, further comprising an additional gate formed 
on the substrate, said field oxide being formed on the substrate between said gate and 
said additional gate. 
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Fig. 8-33 (a) Circuit schematic and cross section showing the mechanism of charge 
injection into the gate by avalanche in a FAMOS memory element, (b) A FAMOS element 
made with two layras of polysilicon and suitable for n-channel MOS applications. From R, S. 
MuILer and T. L Kamins. Device Electronics for Integrated Circuits. 2nd Ed. Copyright 1986, 
John Wiley & Sons. Reprinted with peimissioiL 

Traditionally, such EPROMs have been used as prototyping vehicles to ensure that 
no glitches remained in the code. Once the programs were finalized, the code was 
usually fixed into ROM components. However, fte cost of EPROMs is shrinking with 
advances in technology, and as a result, their use is growing at the expense of ROMs. 
AnothCT factor in favor of EPROMs is their faster turn around time (which also plays a 
role in the choice of technology used to implement masked ROMs). 

The charge-transfer mechanism is based on the injection of hot electrons into the 
floating polysilicon gate, which is completely encapsulated by Si02. The original 
EPROM devices were fabricated in PMOS technology and consisted simply of a 
MOSFET with a floating gate (Fig. 8-33a). If a sufficiently high reverse-bias voltoge 
is applied to the drain, the drain-substrate pn junction will experience avalanche 
breakdown, causing hot electrons to be generated. Some of these will have enough 
euCTgy to pass ovw the oxide potential-energy barrier and charge the floating gate (see 
section 5.6.2). These EPROM devices were thus called Floating-gate. Avalanche- 
injection MOS transistors (FAMOS). 
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gate 

Fig. 8-34 Energy band diagram of a FAMOS device with charge stored in the silicon gate, 
ftom E. S. Yang, Microelectronic Devices, Copyright 1988, McGraw-Hill Book Company. 
Reprinted with permission. 

Once electrons arc transfoied to the gate, they are trs^ped there, as illustrated by the 
energy-band diagram shown in Fig. 8-34. Since the potential-energy barrier at the 
oxide-silicon interface is greater than 3 eV, the rate of spontaneous emission of 
electrons firom the oxide over this barrio- is negligibly small. The electronic charge on 
the floating gate can thus be retained for many years. 

If die floating gate is charged with a sufficient number of electrons, invearsion of die 
channel under die gate will occur. A conducting channel dien fonns between die source 
and the drain, exacUy as would occur if an external gate voltage were applied. The 
presence of a 7 or 0 in each bit location is therefore determined by the presence or 
absence of a conducting channel in a programmed device. 

Subsequent advances in process technology (Fig. 8-33b) made it possible to 
implement EPROMs widi 5 V, n-channel devices.83.84 5^.1, eproMs the cells 
can also be laid out in NOR ot NAND arrays; we will use die NOR array configuration 
to describe the operation of these news' cells. 

Two layers of polysilicon are used to form a double gate in die transistor, as shown 
in Fig. 8-33b. Gate #1 is the floating gate and is placed under Gate #2. Cell selection 
is controlled by Gate #2, which dierefore plays the role of the single gate in 
conventional MOS transistors. Initially, Gate #1 is uncharged; Uius, if die drain, 
source, and Gate #2 of the transistor are grounded. Gate #1 will also be at 0 V. If a 
voltage (V2) is subsequendy applied to Gate #2, die voltage on Gate #1 (Vi) will be 
given by: 

Vi = [C2/(Ci + C2)] V2 (8-3) 



because die two gates represoit a capacitive dividra- as shown in Fig. 8-35. From die 
electrical po^pective of Gate #2, die transistor appears to have a larger Vj. In order to 
turn on this transistor, a larger gate voltage must be applied to Gate #2 (typically 
somewhat more dian twice die normal Vt). For example, if a conventional NMOS 
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window these MOS PROMs can be field-programmed only once. As a result, they are 
commonly known as one-time-programmable (OTP) ROMs. The advantage of these 
over bipolar PROMs is that they can be fabricated in much higher densities. High- 
density CMOS OTP ROMs are now being built with access times close to those of 
bipolar PROMs, but with more bits per chip and much lower power dissipation. For 
example, a 2S6-kbit CMOS OTP ROM with an access times of SO ns has recently been 
introduced; this approaches the access time (~40 ns) of large [64-kbit] bipolar 
PROMs.*^ In addition, OTP ROMs are no longer much more expensive tfian ROMs, 
and hence they are also e?q)ected to increasingly replace masked ROMs. 



Erasable PROMs depend on the long-term retention of electronic charge as the 
irrformation-storage mechanism. The charge is stored on a floating polysilicon gate of 
an MOS device (the term floating refers to the fact that no electrical connection exists 
to this gate). The charge is transferred firom the silic(xi substrate through an insulator. 

Each of the various mechanisms implemented to transfer (and remove) charge from 
the floadng gate has been the basis of a different erasable-PROM device type. This 
section describes the so-called electrically programmable ROM (EPROM), which also 
requires that die device be irradiated with ultraviolet (UV) li^t fOT removing (or erasing) 
the stored charge firom die floating gate. 



Fig. 8-32 (a) Emitter-follower bipolar PROM.^ From D. A. Hodges and H. G. Jackson. 
Analysis and Design of Digital Integrated Circmts, Copyright, 1983 McGraw-Hill Book Co. 
Reprinted with permission. 
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Fig. 8-35 Equivalent capacitive divider of an EPROM structure, 
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Fig. 8-3< Transfer characteristic of a floating-gate transistor. 
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One of the advantages of EPROMs is that the cells consist of only one transistor, 
allowing them to be fabricated with high densities (e.g., a 4-Mbit CMOS EPROM with 
an access time of 120 ns and 0.8-/mi channel-length transistDrs has been TeportBd)P In 
addition, they cost less to manufacture than electrically erasable PROMs (EEPROMs - 
see the next section). 

A disadvantage of EPROMs is that they require UV light fm erasing and must 
therefore be packaged in an expensive coamic padcage with a UV-transparent quartz 
window. In addition, tfiey must be removed firran the circuit board and put into a special 
UV aasCT. (Note that simre sunlight and fluorescent lamps craitain some UV, one wedc 
of sunlight or three years of room-level fluorescent lighting are likely to oase some of 
the cells. Therefore, except during raasure. the window should be covered at all times 
witfi an opaque label.) Another disadvantage is diat tfie high voltage needed to program 
the EPROM is generally not available on the integrated circuit, so a special 
programming setup must also be provided. This limitation, combined witfi die fact that 
EPROM programming takes a relatively long time, means that these cells are used 
primarily for reading information and are only occasionally rewritten. (Note, however, 
that the programming time is decreasing dramatically. In the first 64-kbit EPROMs. it 
took about 50 ras to program each byte, adding up to almost seven minutes for flie 
entire chip; in the 4-Mbit EPROM.85 the program time has been reduced to 10 /is/byte, 
so that the »itire chip can be programmed in only five seconds!) 

OTP ROMs compete widi high-density masked ROMs because they offer the benefit 
of a significandy shorter TAT (albeit at a somewhat higher cost). CHP ROMs are also 
less expensive than bipolar PROMs. and offer a PROM capability with much higher 
density. While b^lar PROMs are genaally faster, a three-transistor EPROM cell was 
recently reported that would aUow CMOS EPROMs to be built witfj the same speed and 
density as bipolar PROMs. but with much lower power dissipation and 100% 
testability.^* Another one-transistor ceU. roUt-gate 256-kbit CMOS EPROM widi an 
access time of SO ns has also been rqxjrted.^'' 

Some of the relevant process and circuit-design enhancements used in febricating die 
large CMOS EPROMs include the foflowing:88 

• Use of thin (20 nm) reliable intapoly dielectric materials, often consisting of 
composite films of Si02/Si3N4/Si02, for increased capacitive coupling between 
Gates #1 and #2. 

• Self-aligned contacts to the control gate (as well as a self-aligned floating gate) 
to achieve the 3.1 x 2.9 ^tafi small cell size. 

• Use of a low-resistance polycide gate for the word line to achieve high speed. 

• Reduction of the programming voltage to 10 J V, along witii a reduction of the 
programming time to ~10 /is/byte. 

• On-chip test circuits. 

A novel self-aligned planar-array EPROM cell has also been proposed.89.90 xhis 



628 SILICON PRCXIESSING FOR THE VLSI ERA - VOLUME 11 



ceU appears to make possible the fabrication of 4-Mbit EPROMs with l-fim design 
rules because it uses buried bit lines tiiat are self-aligned to the FAMOS transistor. 



8.7 ELECTRICALLY ERASABLE PROMS (EEPROMS) 



In some applications it is desirable to «ase the contents of a ROM electrically, rather 
than to use a UV light source. In other circumstances it is useful to be able.to change 
one byte at a time, without having to erase the entire IC. A variety of electrically 
erasable PROMs have been developed to s«ve these applications. Such EEPROMs are 
the most sophisticated of the ROM families in terms of the physical operating 
principles and process complexity. For example, EEPROMs must be fabricated with 
unique tunnel oxides, as weU as with high-voltage transistors (for programming and 
erasing the devices). 

Three technologies have been developed for EEPROM fabrication: (I) MNOS 
transistors: (2) Floating-gate Tunnel Oxide ^OTOX) MOS transistors; and (3) 
textured-polysilicon floating-gate MOS transistors. Although MNOS transistor-based 
devices were among the first EEPROMs to be commercially manufactured, their 
technology limitatirais have made them less widely adopted than the others. Therefore, 
we will devote most of our attention to FLOTOX and textured-poly EEPROMs. 

8.7.1 MNOS-Based EEPROMs 

The MNOS EEPROM cell consists of a single MOS-like transistor that employs a 
composite gate-dielectric layer (Si3N4, ~50 nm thick, on top of a very thin [~2 nm 
thick] Si02 layer), as shown in Fig, 8-37. (See ref. 118 for more details on MNOS 
devices.) Unlike in floating-gate MOS devices, the charge is stored in discrete traps in 
the nitride bulk. The charge transfers from the substrate to the nitride traps (and back, 
during erasure) by tunneling through the thin oxide layer. Programming is accomplished 
by applying a high voltage to the top gate; wasing is done by grounding the top gate 
and raising the well to a high potential. MNOS transistore are built within wells (akin 



Fig. 8-37. Cross-sectional structure of an MNOS memory cell.l"' (© 1983 IEEE). 
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to those used in CMOS) so that their channel potentials can be omtrolled. 

The manofactoring process of MNOS transistors involves the following 
modifications to the standard single polysilicon-gate MOS technology: thin oxide 
growth, nitride deposition, and post-nitride temperature cycles. Mastoing die processes 
used to grow the ultra-thin oxide and dqx}sit the nitride and to control their quality is a 
challenging task. Furthermore, while the basic transistor is very small and highly 
scalable, each cell of the memory array requires a select transistor. This requirement, 
coupled with the need to fabricate wells, produces a relatively large effective cell size. 
Finally, the charge stored on the nitride ttzps continually leaks away through die diin 
oxide by means of tunneling, even when no erase voltage is applied. The charge loss is 
thus time dep^dent, making charge retoition the main reliability concern with MNOS 
devices. (With MNOS structures, as die switching speed is increased, the ability to 
retain stored charge is decreased. Thus, devices with a retention time of of years can 
be fateicated if a slow switching speed can be tolerated.) 

Nevertheless, MNOS exhibits higher toloance to ionizing radiation than do either of 
the oUier EEPROM technologies. Thus, MNOS EEPROMs currenUy find their main 
use in low-density military implications diat need radiation-hardened EEPROMs; this 
aroears to be the niche to which MNOS EEPROMs will be relegated m die future.^^ 



The floating-gate tunneling oxide (FLOTOX) transistor, shown in Fig. 8-38a, consists 
of an MOS transistor with two polysilicon gates. A thin (8-12 nm) gate oxide (or 
oxynitride) region is formed near the drain. Ibe lower polysiUcon layer is the floating- 
gate while the odier is the control gate. The remainder of the floating-gate oxide is 
typically 50 nm thick, and the interpoly oxide is -50 nm thick. Programming of this 
transistor is done by causing electrons to be transferred from the substrate to die floating 



8.7.2 FLOTOX EEPROMs 
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Fig. 8-38 (a) Cell strucnire of a Flotox transistor structure, (b) Connection in an 
EEPR0M.91 (© 1986 IEEE). 
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gate through the thin oxide layer by means of Fowler-Nordheiin tuimeling.92 

The control-gate voltage is raised to a sufficiently high value so that tunneline 
ensues (e.g., 12 V in modem FLOTOX EEPROMs). As electronic charge builds up 
on the floatmg gate, the electric field is reduced, which decreases the electron flow 
Since the tunneling process is reversible, the floating gate can be erased by grounding 
the control ^ and raising the drain voltage, indicating that tunneling is used both to 
programme erase the FLOTOX transistor. Programming and erase times are on the 
order of 9 ms. Electron transfer by Fowler-Nordheim tunneling, however, requires a 
minimum electnc- field strengdi of around 10 MV/cm. Thus, for oxides of 10 nm in 
thickn^. such tunneling will be negUgible when normal 5-V signals are ^lied. As a 
result. n-OTOX transistors can be expected to retain their charges for more than 10 
years U the memory is subjected only to normal read cycles. 

The FLOTOX transistor must be isolated by a select transistor. Otherwise, the high 
voltage apphed to the drain of the selected ceU during erasing would also appear on Ae 
drain of the other unselected cells in the same memory column. A FLOTOX EEPROM 
ceU mist therefwe consist of two transistors (Fig. 8-38b). Although this limits die 
density of such EEPROMs in comparison to EPROMs and flash EEPROMs it makes 
it ^sable to erase and re-program one byte of the memory widiout having to erase die 

f'T ,f^°°' '^"^ ^ ^ *e data into the memory 

In fte first, all the cells in a byte are programmed (i.e., the floating gates are charged)- 

mfte second, selected cells are erased, with the drain used for data control 

The Mcation of FLOTOX EEPROMs involves a modification of the polysilicon- 
gate MOS process. A double-polysilicon process is used, togedier with a thin tunnel- 
oade growth pnxess. The growth of a high-quaUty. thin tumieling oxide is. in fact, 
ae OTtical manufacturmg step in this technology. The tumieling dielectric reportedly 

since th^ silicon 
mtnde and silicon is lower tiian that between SiOj and Si. As a result, a Kr 
tunnehng current can be obtained fa: die same voltage.93 

A t^Ji^X ^ * ""^^"^ growing thin tumieUng oxides must be 

SL^'**^ "^"^^ ^""^ most widely manufactured of the 

EEPROM types. They are still die easiest to learn to manufecture for companies diat 
have already suwessfuUy developed an EPROM process. Since it is desirableto be able 
to program and erase the EEPROM while it remains m place on a PC board, 
considerable effort has also been expended to make this memory type fuUy operational 
widi a 5 V power supply. (This type, of operational capabiUty is referred to as 5 V 

FLOTOX-based EEPROMs are best suited for appUcations in which low-cost, low- 
density, nonvototile memories are required - for example, in microcontrollers and 
^grammable logic devices. Another potential appUcation is for smart credit cards; 
sevoal Japanese companies have announced 64-kbit FLOTOX-based EEPROMs for diis 

On the other hand^caUng and reliability considerations appear to limit the 
maxm^um size of FLOTOX EEPROMs to 256 kbits. The need for SJo^istors, and 
die relatively large sue of the select transistor (due to die large voltages needed to 
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Fig. 8-39 Textured-polysilicon memory cell, (a) Top view, (b) Cross-sectional stnicture.91 
(S» 1986 IEEE). 

programming and erasure) arc contributing factors. The poly-to-poly area of the sense 
transistor must also be large, due to the high oxide capacitance of the thin tunnel 
oxide.'"' Furthermore, die FLOTOX EEPROMs exhibit high failure rates, caused by 
defea-related oxide-breakdown problems as memory size is increased.'* &rw-detectiQa 
and correction codes (EDCQ can be used to overcome tiiis limitation, but such solu- 
tions impose a penalty of increased die cost Reference 95 gives an example of a 50-ns 
access time, 256-kbit FLOTOX-based CMOS EEPROM using a single-bit EDCC. 

The reliability of FLOTOX-based EEPROMs compares favorably with diat of the 
other two EEPROM types. As with the others, thwe is a very low failure rate during 
5-V op^ation; reliability problems occur as a result of the high voltages that must be 
used during programming and erasing. Random single-bit failures occur in FLdTOX 
devices due to oxide defects, resulting in leaky oxides that lose charge over time. The 
number of cycles that most FLOTOX EEPROMs are qiecified to be able to endure be- 
fore the thin oxide becomes too leaky to retain data sufficiently, is lO^-lQ* cycles. 
However, a process for increasing this endurance level to 10^ cycles has been 
reported.^ 

8.7.3 Textured-Polysilicon EEPROMs 

Textured-polysilicon EEPROMs. introduced in 1983 as an alternative to the tunneling 
oxide types of devices, arc also based on the fk>ating-gate MOS technology. The cell 
consists of three layers of polysilicon that partially overlj^ (Fig. 8-39) to create a cell 
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that behaves like three MOS transistors in series. The floating-gate MOS transistor is 
formed by tfie middle polysilicon structure, which is mcapsulated with Si02 to enable 
high charge retention. While charge is stOl transfened to the floating gate by means of 
Fowler-Nordheim tunneling, tunneling takes place .from one polysilicon structure to 
anotho- rathet than from the substrate to the floating gate. The intopoly oxides through 
which the tunneling takes place can be made significantly thicker than the tunneling 
oxides in FLOTOX devices (60-100 nm in textured poly devices, versus <12 nm in 
FLOTOX devices), since the electric field that promotes the tunneling is enhanced by 
the geometrical effects of the fine texture at the surface of die polysilicon structures. 

Textuzed-poly cells are programmed by causing electrons to tunnel from poly I to 
the floating poly. Erasure is accomplished by causing electrons to tunnel from the 
floating poly structure to poly 3. The voltage of poly 3 is taken high in both the 
programming and erase operations. The drain voltage, however, determines whether 
tunneling occurs from poly i to the floating gate, or from the floating gate to poly 3. 
As a result, the state of the drain voltage determines the final state of the memory cell. 
This provides an advantage, in that the cell represents a direct write cell - there is no 
need to charge all the cells and then remove the charge from selected cells, as with 
FLOTOX EEPROMs. 

Textured-poly EEPROMs depead on a tunneling process whose physical mechanisms 
are not as well understood as those of tunneling through thin oxides, and which s^pears 
to require tighto' control of empirically determined process parameters. In addition, the 
three poly layers require a more complex (and therefore more cosdy) fabrication 
sequence. Furthermore, textured-poly EEPROMs require a higher operating voltage 
than FLOTOX devices (>20 V). Finally, an intrinsic endurance problem is caused by 
the very high electron trapping that occurs as a result of tunneling in the poly oxides. 
This eventually leads to a condition in which the memory can no longer be programmed 
OToased. 

For all of die above reasons, the tex&ired-poly approach has been less widely pursued 
than the FLOTOX approach. Only one company, Xicor, is heavily involved in 
manufacturing these devices.'^ However, because the poly cells can be made about 
one-half the size of FLOTOX cells, it is possible to fabricate them in high-density 
configurations. In 1989, the largest textured-poly EEPROMs being offered had a 
1-Mbit capacity. Although Uie cell-size advantage gives the textured-poly s^proach an 
edge over the FLOTOX EEPROMs for memories larger dian 256 kbits, die flash- 
EEPROM technology described in the next section, provides a way to achieve equally 
high-density EEPROMs widiout the need to develop a textured-poly jrocess. 

8.8 FLASH EEPROMS 

The flash EEPROM device is so named because the contents of all of the memory's 
array cells can be erased simultaneously as with a UV-EPROM, but through the use of 
an electrical wase signal. The term flash refers to the fact that die cells can be erased 
much more rapidly (1 or 2 seconds, compared to die 20 minutes required to erase a UV- 
EPROM). Although it was not possible to erase only a single byte in the first 
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generation of flash EEPROMs, by 1989 parts had become available offered a byte- 
by-byte erasable (and 64-byte erasable) feature in a 256-kbit memory °° 

Flash EEPROMs ^ attractive for the middle of the programmable semiconductor 
spectrum, whwe neither EPROMs nor EEPROMs are particularly cost effective. The 
applications in this range typicaUy require more memory capacity dian EEPROMs can 
provide, but they also need faster and more frequent reprogramming than can be 
accomplished with EPROMs. Examples include automotive and automated factory 
equipmeit applications. As an example, the average EPROM cost about $7 in 1989, 
and a flash memory about $25. But the differential is wiped out by the expense of 
single reprogramming. The in-system reprogramming of a flash device may cost as 
little as $1, whereas pulling an EPROM out of a system to erase it by exposure to 20 
minutes of UV light may cost over $80 when equipment, downtime and labor are 
facttsedin. 

Meanwhile. EEPROMs are likely to remain popular whoever bytes will have to be 
erased selectively. But flash products, might do better for updating stored logic, when 
this must done more than once but less oftMi than in main memory, cache memory, or 
registers. Reprogramming costs are similar, but flash mMnories are less than half the 
price of EEPROMs. 

The erasing mechanism in flash EEPROMs is Fowler-Nordheim tunneling off the 
floating gate to the drain region. Programming of the floating gates, however, is carried 
out in most flash cells by hot-electron injection into the gate* Unlike floating-gate 
EEPROMs (which incorporate a separate select transistor in each cell to allow 
individual byte erasure), flash memories forego the select transistor to obtain bulk 
erasure. Thus. flash-EEPROM cells are roughly two to three times smaller than 
floating-gate EEPROM cells fabricated with the same design rules.^^ Figure 8-40 
shows the cross-section of a CMOS flash-EEPROM ceU implemented with triple 
polysilicon, and a SEM photo of a double-poly flash EEPROM cell. 

Most flash-EEPROM cells use a double-poly structure, as shown in Fig. 8-41 
(which also shows the Toshiba triple-poly cell. Fig. 8-4 lb). TTie vppct poly forms the 
control gate and the word lines of the structure. whUe the lower poly is the floating 
gate. The gate oxide is -10 nm thick,iO° and the interpoly dielectric is an oxide/ 
nitride/oxide composite film -45 nm thick.99 In the structure shown in Fig. 8-40 and 
8-41c the control-gate poly ovwlaps the chzmnel region adjacent to the channel undo- the 
floating gate. This structure is needed because when the cell is erased, it leaves a 
positive charge on the floating gate. As a result, the channel under the floating gate 
becomes inverted. The series enhancement-mode transistor (formed by the control 
gate OVCT the channel region), is needed in order to prevent current flow from source to 
drain. A more recendy reported flash-EEPROM ceU (Fig. 8-41a) does not require the 
control gate to form a series enhancement-mode transistor, because it uses a special 
software-controUed erase procedure that prevents the floating gate firom being over 
erased.^^ 

* The 5-V-only flash memories from Texas Instruments and Amtel depend on tunneling for 
both write and erase mechanisms. 
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Fig. 8-40 Triple-poly flash-EEPROM cell from Toshiba: (a) Uyoui; (b) Cross section of 
the cell; (c) Section at right angles to the section shown in part (c);101 (d) SEM pictures of 
double-poly flash-EEPROM and EPROM ceUs.99 (© 1988 jeee). 

Flash EEPROMs can be seen to combine the advantages of UV-erasable EPROMs and 
floatmg-gate EEPROMs. TTiey offer the high density (Fig. 8^2). small-die size. 
lowCT cost, and hot-electron writabiUty of EPROMs. together with the easy erasabiUty, 
on-boaid reprogrammability. and electron-tunneling erasure features of EEPROMs. 
High-density CMOS flash EEPROMs in 1-Mbit sizes are commercially available. It is 
projected that by the year 2000. 256-Mbit flash EEPROMs will be fabricated with 0.25 
/im geometry. 

y™J!71!^°^'*^*'" one-quarter the size of current EEPROM cells, the 

Sf^^^oSJf ^ are two types of 

Dash EEPROMs: (1) those that are more akin to the EEPROM (and thus require a 12-V 
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Fig. 8-41 Four approaches to flash memory technology: (a) Intel ceU; (b) Toshiba triple- 
polysiUcon ccD; (c) SEEQ ceU; (4) Texas Instruments 5-VH>nly cell.125 (© 1939 ieee). 

external supply for programming and erasure); and (2) those that are closer to EPROMs 
and hence need only a 5-V supply. Furthermore, the programming voltage can be 
applied dunng read operations. eUminadng the need to switch it off when not erasing or 
programmmg. Byte-write times are 100 /is. and erasure times are 200 ms. Access 
tmies of 110 ns at 30-mA active-current consumption are provided by a 128-kBit 
CMOS flash EEPROM.100.101 Endurance (i.e., the numba of times a device can be 
erased and wntten) is a minimum of 100 cycles, and can be as high as 1000 cycles (note 
that this IS lower than the endurance of EEPROMs. which is typicaUy 1000 - 10 000 
cycles). 



8.9 NONVOLATILE FERROELECTRIC MOS RAMS 

A novel type of nonvolatUe MOSFET DRAM memory ceU. introduced in late 1987 
uses the electrical polarization of a ferroelectric capacitor to store information 
semipermanenUy.102,103 since ferroelectric polarization retention is nearly perpetual 
Oust as m magnetic core memories), refresh is not needed. The r^>orted write speed is 
200 ns m one design.102 and 60 ns in another,103 which is much faster than that 
exhibited by an EEPROM (1 ms) or a UV-PROM (10 ms) without fatigue after 10^2 
wnte cycles. It is predicted that by 1991 products wiU be available with operating 
lifetimes of -75 years at a cycle time of 100 ns, and 10^2 read/write cycles. A recent 
review aiticle has described the latest advances in such nonvolatile RAMs.l2* 
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than 120 A thick and the erasure mechanism' is dotsinatcd by 
F-N tanneUng p]. In Fig, three dc programmine curves 
arc presented for si fresh cell, for the cdl electrically erased, 

ManUtcripf reet'ivca Ocintaera), revL>«d Dc«envl>«r IP. >Ssa 
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Via. 1. (•) PC J>r>an*™aan Pm (>r - 12 V> « finah cell (Mjid), 

dcailealhr »•« «««« WotBdJ, M»l J«e<n**ay e»»sed 

ftoA ttie dnlo sWc (<Uihe/i>. (b> JPMeruwtne'uasc dtfcshCld v^tngc »< 
ihe flash memory cell vtstius nomlier of cjt\*t, for drato'sWe aad lourcii' 

(jde eruuic 

from the source, and for another cell electrically erased from 
the drain- It shows significant degradatioo in the programma- 
bOity of the cell tbai ha« Locn cr&aed froei th« drain side. Fig ■ 
iCb) shows the progranuned and msed threshold voltages aS & - 
Ainctioti of the number of program/erase (P/E) cycles for a cell 
erased from the source and another erased frots the drain. Jh'ig. 
1(b) elcarly shows die p'rogxunniing .thyashold voltage is 
reduutsJ After cFMure fraOi the d««ifl, and a.<i the Cell » cycled 
the progranuniag window eoMiaues to close. Mo degradation 
in the progratmnabilliy is observed after erasure l^om the 
iouree. We believe thAt the degradaUOD In prug] anunabUity b 
caused by hole trapping in the oxide. 

To dcmon^rftte hole trapping in the oxide as a result of 
high-voltage erasure, poly gate transistors with similar gate 
Ojdde ttuckness and junction profile to ifae flash cell were used 
10 monitor the hot-dccuon-scoczatcd jubsu^u currcat anrl the 
gatcd-diode leakage ciiaent before and after the high-voltage 
stress. The stress was performed by .applying a conatant 
voltage of 11.5 V to the draih junction (or 10 ^ while the gate 
and substrate were grounded with the source left floating, fig. 
2(:i) shows the ^ufaatreie eucrent as a fVinciion of the gate 
Voltage for Vg « 4.V. before and after the stress. The 
substrate curreni becomes lower after the Stress due lo a 
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reducfioa b the channel fieW, Indicaiing bole trappiag m tho 
oxide aear Uic iraia junction [81. PJg- 2Cbl shows the baod^to- 
tand mnnddns e»«ront is a functioii of the diain voiaip before 
and after strtwis. Thfc d«in leakage cutrent vctsus cwve 
after the stress Is shiftftd to * much hi»»we.- <a««i« voltajjc also 
sflEgestiag the fact thai the surface field at the juocdoa cornet 
bew reducwi due to hoU tapping W . Hole tapping in the 
oxide Dear the diaia has the effect of reducing the masliiium 
ettaxwol electric field during programming, tbcarcby deefeasing 
chaanei hoi-eleciryn g«ic«iu©B. TKifi explains the desiadatiOfl 
in ptognaaanflblUty after draaa-side erase. 

By erasinR from the source, piogratnmability degradatioa is 
elimiDated and, furthermore, the ai»d souwxs juactiona _ 

eax» bo itidepeadentljr opdxni^cd- The dtain juaetion ea» be 
luade sbaUow ttnA abrupc t»v enhance the hot-elet^tton e^eet for 
prograromtng. and the source jBtJction can be graded (for 
example, Oiing * double-diifusetl jUnctioo) to reduce the 
junction field duruig eraaini* , A flash c«U utJtig this concept, 
which was first proposed by Kume ct at, ID. is used la the 
fcUowias study to determine die origin of the trapped boles in 
the oxide during the erase cycle. 

■Ii is known that hole trapping in&idc Ae exidtt reduces the 
tosnler for cJccU^n tunnelifts t^l- Thi* barrier lowerinc cfTcei 
will lead to the so-calle^l "gate djOTitb" problem for a 
mcmcry ai^ay. Gate disturb refers to the uttdesSrcd increase In 
ihc threshold voltage of the uneelccted -"erased" ccU during 
programminfi of the other ccUs oa the same word lisc. During 
piogjainniins. a frietlon of thts word-liftc \Oltaj{« wUl be 
coupled to the floating gate, and a high field (abool $-7 MV/ 
cm) will appear across the thia gate oxide. Aa o rcswll, 
elections can wnnel to the flaauii{j gate tiwough the ihin orid^'. 
causing, the threshold voltage to intsrcaso The gate disturb at a 
givsA field it proportional to Che P-N -tunneling current which 
is enhanced by the hole tra-ppmg in the oxide. Therefore gate 



<3a$ti«b is ttsed ia dris work as a rooaicor or Ojc amowt of 
trapped hoUa in the oxide diie to craawro. 

We bdkve diat holes were introduced into the otodc 
through hot-hole injection duriug flash erasure. However, 
another possible mcchaoiBtn is hole gtDeraUon by anpact 
ionization in the oxide during F-N mnneJlng itself [9], siin,lar 
to that experienced in EEPROM eraswe. The gate dishirb test 
was usoi ta compare posidve charge trapping m the oxide 
using flash erasuw with that using EEPROM-typc eras^re^ 
Fer EEPROM-9pc erasure a aegaiive voltage pulse (- 16 V) 
Is applied to the ooncrel-gate , while the eowtee jy ncrioa is kept 
at a low positive voltage p. V), The source vojtage is low 
eaou^ j>eA t6 generate hot holes, while electron-.tunneling still 
■ OQCUts predo«(uiiai»tly aC Che gate-source overlap region. Oh 
the other band, the flash erasure is exercised by applying a 
high posidvc vultage pirfso (11 V) to the seurce with the gate 
grounded and the drain floating. Fi^. 3 shows the threshold 
voltage of the flash cell' versus the erase time usiag the two 
different erase conditiot^s mentioned above. For both oraauxes. 
the erasing speed is controlled by F-N tunnclinE- The voltages 
were ches«« eu«sh That the oxide field during the EEPROM- 
■^ype erasure is silghtly larger than that for the (lash erasure. 
This is done to ensure that the F-N mnneKng-induccd hole 
gcnerttion Ln the oxide ro« tho E5EPROM-type eigsnire is no 
less than that in the flash ettisuro. 

Fig. 4 compares *e gale disturb after EEPROM and flash 
erasures. The ccU ww first alternately prognuronea anO erased 
to V;i of 6 and 1 V, respectively, for 20 cycles in order to 
sanirate the bele mppUig In the esdda. Then thr. Threshold 
voltage was measured as a function of gMc di5tv»rb time. 
During the gate disturb, the gate of the erased cell was biased 
at 12 V while the other terminals wore at ground. A.^ sliowo in 
the figure, no V, shift jk oh^epvcd for the cell erased -tittder 
hfiPtlOM cuudidcn. Thi!» euggest* that Ihc holes that are 
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gate dlctorll &fttr the ccU« h&Vlfie Cjwied 20 ti»e£. using ilub (O) and 
EE^KOM 00 KV/Wn- TlB cells were wsci to 1 of I V bcfbre gata 

geserated and trapped in the oxide by .the F-hf tucuicliitg 
clcctrona xjtuignifieaax an e«nuribuiiag to gMe. Usturh. 
Ho-wtver, the gale disturb after th« flash erasuro is significant. 
These data, strongly support a rtiodd of external hot-hole 
iitjoction and hole trapping in the oxidA dtirjnj^ the flash 
erasure. 

In tuTnxnATjft v/© tiavR rifcmoiwtratcd that the bot-tlectron 
programmine effScicticy of the flash cell is degradetJ after 
erasure from the dials. Degradation in piogramtnability has 
been sbov^n to be caused by trapped hol«:s in \iui gate oxi<l« 
at the dmin junction. By comparing the flash ciasorc to 
TiEPROM-cype traiurc. it has been determined that these 
trapped holes are externally injected •from the jmiction 



depletion xcgton. Furthcrttxorb, the trapped holfts in gat& ■ 
oxjde will lead te gflta disturb. Therefore, in a properly 
desired flash stmctiue. It is essemiat that bot^iolft injeetioa is 
fiuniioized. ' 
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